which an item was encountered and a familiarity compoand Larry R. Squire 1,5, * nent that supports the ability to know that an item was ). In humans, declarative memindividuals first study a list of items and then at test ory supports the capacity to recollect facts and events make two different judgments about a series of old and and can be contrasted with a collection of nondeclaranew items. They first judge whether they have previously tive memory abilities: habits and skills, simple forms of encountered an item and then decide whether they "reconditioning, and other ways that the effects of experimember" the item (because the item evokes a recollecence can be expressed through performance rather than tion of having encountered it as part of the study epirecollection (Squire, 1992; Schacter and Tulving, 1994). sode) or whether they simply "know" that the item is One of the most widely studied examples of declarative familiar but have no specific memory of having encounmemory is recognition memory, the capacity to judge a tered it. This is an intuitive and straightforward distincrecently encountered item as familiar. The capacity for tion, as illustrated by the common experience of confirecognition memory has been particularly well docudently recognizing (Knowing) that someone is familiar mented in mice, rats, and monkeys, as well as in humans.
. However, these studies all involved Doors and People Test, none of the patients performed more than 15 percentile points higher on the recognition mixed groups of patients, patients without radiological information, or patients with damage to both the hippoportion than on the recall portion. In addition, a percentile score can be calculated that reflects the difference campus and the parahippocampal gyrus. Accordingly, the studies to date do not address the question of between a participant's recall performance and recognition performance (Ͻ50 th percentile indicates relatively whether damage limited to the hippocampus might in fact spare the capacity to experience familiarity. better recognition performance, and Ͼ50 th percentile indicates relatively better recall performance). The paThe present study was designed to resolve the question of whether the human hippocampus is important tients and controls obtained almost identical percentile scores on this measure (30.5 Ϯ 6.7 and 30.6 Ϯ 5.7, for recognition memory and, if so, whether it is important only for recollection or for both recollection and the respectively). For the RAVLT, the scores obtained by the patients were converted to Z scores based on the experience of familiarity. In Experiment 1, we tested seven patients with bilateral damage thought to be limmean and standard deviation of the control scores. All the patients obtained poorer recognition scores than ited primarily to the hippocampal region (Table 1, Figure  1 ) on three standard tests of recognition memory. In recall scores. Thus, no patient showed a pattern of results on either the Doors and People Test or on the Experiment 2, we used the Remember and Know procedure to assess the relative ability of these patients to RAVLT that would suggest that recall was impaired more than recognition. make recognition judgments based on recollection and familiarity. The patients were impaired on all three recognition tests and had similarly severe impairments in both Experiment 2: Recollective and Familiarity recollective memory and in familiarity.
Components of Recognition Memory
The impaired recognition memory performance of the patients with hippocampal damage could have been Results due to a global impairment in recognition memory or to an impairment in only the component of recognition Experiment 1: Standard Recognition Memory Tests Figure 2 shows the performance of amnesic patients memory that reflects recollective (episodic) memory. Experiment 2 addressed this issue by asking participants with damage limited primarily to the hippocampal region and controls on three tests of recognition memory. One not only to judge whether they had encountered each item previously but also to judge whether their recognipatient (J.S.) took only the third test ( Figure 2C) The hit rate (HR) is the frequency with which a repeated item was correctly identified as having been encountered at study. The false alarm rate (FAR) is the frequency with which a new item was incorrectly identified as having been encountered at study. The HR and FAR for items given know judgments were also recalculated based on a formula that assumes independence between remembering and knowing (IndKnow; see Experimental Procedures). Note that the mean discriminability (dЈ) scores reported in the text and depicted in Figures 3 and 4 were obtained by averaging each participant's dЈ score within each group rather than by using the HR and FAR group means shown here. Accordingly dЈ scores calculated from the data in this To examine further how the impairment in Knowing on three standard tests of recognition memory (Experiexhibited by the patients compared to their impairment ment 1). In addition, the patients were similarly impaired in Remembering, a control group was tested after a 1 on the recollective (episodic) and familiarity components week delay to approximate the overall performance of of recognition memory (Experiment 2). Specifically, the the patients (Figure 3 ). The scores obtained by controls percent reduction in the performance of the patients tested after a week were similar to the scores obtained was similar across the measures that were obtained by the patients. Thus, there was no indication in the for recollection and familiarity. Moreover, when controls data that Know responses were relatively spared by were tested after a long delay (1 week) so that the recolhippocampal damage (Figure 4 ). If anything, the results lective component of recognition performance (their Rewere in the direction of Know responses being more member score) was as poor as that of the patients, the impaired than Remember responses. That is, in the case controls also matched the patients with respect to the of Remember responses, the patients performed slightly familiarity component of recognition performance (their better than the delayed control group, but in the case of Know score). These findings show that intact recogniKnow responses the patients performed slightly worse. tion memory depends on the integrity of the hippocam- Table 2 shows the hit rate and false alarm rate for all pal region. Further, the importance of the hippocampal items, for items given Remember judgments and for region encompasses the capacity to make judgments items given Know judgments. The hit rate and false based on familiarity as well as the capacity to make alarm rate for items given Know judgments were also judgments based on recollection. calculated based on a formula (see Experimental ProceIt is not possible to determine whether the residual dures) that assumes independence between Remem-(above chance) recognition memory performance obbering and Knowing. 
respectively). T tests between
Know procedure can separate the hypothetical propatients and controls were statistically significant (p Ͻ cesses of recollection and familiarity. The dimensions of 0.05). The one exception was that, for the verbal mateinterest (recollection/familiarity and Remember/Know) rial, Know responses analyzed with the standard method are ultimately based on subjective criteria, and the Redid not reach significance (t[24] ϭ 1.49, p Ͼ 0.10). This member and Know procedure itself depends on how lack of statistical significance appeared to result from reliably participants can make the subjective judgments. one patient having an extreme bias to identify verbal It has also been argued that yes-no response bias can items as being new, a bias known to produce artificially influence the assessment of Knowing unless measures high dЈ scores when calculated using the standard are used to reduce the impact of these factors, for exammethod (Donaldson, 1996) . When the alternate method ple, by using the Ind-Know procedure for assessing (Ind-Know) was used to obtain the dЈ score for the verbal Knowing or by allowing for "guess" responses in addimaterial, the difference between patients and controls tion to Remember and Know judgments (Donaldson, for Knowing was significant (t[24] ϭ 3.28, p Ͻ 0.01).
1996; Gardiner et al., 2002). Note, however, that the Know scores of the patients in this study were extremely Discussion low and no better than the Remember scores. Thus, unless Know responses fail altogether to index familiarSeven patients with bilateral damage thought to be limited primarily to the hippocampal region were impaired ity, the findings count strongly against the idea that the capacity for familiarity is independent of hippocampal performance (Z score of 0). This impairment was considered to be modest and less severe than her impairment function.
One might also propose that the Remember and Know in recall (mean Z score across 34 free recall tests ϭ Ϫ3.6). On the basis of these findings, it was proposed procedure does not reliably index qualitatively different recognition processes but may under some conditions that Y.R's capacity to make familiarity judgments was intact ( of memory formation that are carried out by the more One possibility is that familiarity depends on the integspecialized structures that project to it. Further, the rity of structures within the medial temporal lobe, includphysiological data are consistent with the idea that the ing the hippocampal region, and that episodic recollechippocampus carries out a more abstract, less stimulustion depends on these same structures and also on the specific operation than the adjacent cortex that projects frontal lobes (Shimamura and Squire, 1987; Davidson to it (Suzuki and Eichenbaum, 2000). We suggest that and Glisky, 2002). Patients with frontal lobe damage all these operations, the more stimulus-specific operaand elderly individuals with neuropsychological signs tions in the adjacent cortex and the more abstract operaof frontal lobe dysfunction are impaired at recollecting tions in the hippocampus, make essential contributions episodic information about past events (for example, to recognition memory. As a result, none of the compotemporal order information and other information about nents of recognition memory will be intact unless all the source of remembered material) (Schacter, 1987;  these medial temporal lobe structures are functioning. Janowsky et al. All participants were able to explain the distinction appropriately in based on coronal sections were available). Relative to age-and their own words before testing and were able to provide meaningful gender-matched healthy controls (3 to 4 for each patient), J.R.W., justifications when asked why they gave items either Remember G.W., R.S., M.J., and L.J. have an average bilateral reduction in or Know judgments (participants were prompted to explain their hippocampal size of 29%, 45%, 40%, 10%, and 28%, respectively. response for the first Remember and first Know response on each For J.S., the hippocampus was not reduced in volume but focal test). A card that summarized the instructions remained in view lesions were present (see Figure 1) . In comparison, for all patients, during the test phases. the size of the parahippocampal gyrus was within normal limits To approximate the overall recognition memory performance of (mean ϭ 2%, range ϭ Ϫ15% to ϩ15%). The seventh patient (A.B. By the first, more traditional method, the dЈ score for Rememberaveraged 57.3 years of age and 14.8 years of education. Twentying was determined from the hit rate for items given Remember six controls (19 men and 7 women) were tested in Experiment 2.
judgments and the false alarm rate for items given Remember judgThey averaged 59.9 Ϯ 2.8 years of age (patients ϭ 50.0 Ϯ 4.7) and ments. The dЈ score for Knowing was determined from the hit rate 14.9 Ϯ 0.5 years of education (patients ϭ 13.9 Ϯ 1.2).
for items given Know judgments and the false alarm rate for items given Know judgments.
Procedure: Experiment 1
The second method of calculating dЈ scores for Remember and
Hour Words and Faces Recognition Memory Test
Know judgments is based on the assumption that Remember and Participants were shown 50 common words one at a time or 50
Know judgments are independent. This second method is arguably black and white photographs of faces one at a time. For each item, more sound than the first method in that it recognizes (and corrects participants made a pleasant/nonpleasant judgment. Twenty-four for) the fact that Know responses are underestimated by the tradihours later, participants took a two-alternative forced-choice recogtional method because a proportion of the items given Remember nition memory test (modified from Warrington, 1984 
